Abstract. Single nucleotide polymorphisms (SNPs) in microRNA-binding sites located in the 3'-untranslated region (UTR) of target genes can have an effect on the interaction of microRNA-mediated regulation, which results in changes in the expression levels of target genes ultimately associated with cancer risk and patient prognosis. However, the role of SNPs at the 3'-UTR of B7-H1 in the susceptibility of non-small cell lung cancer (NSCLC) remains to be fully elucidated. In the present study, SNPs with a minor allele frequency >10%, which were located at the microRNA complementary site in the PD-L1 3'-UTR, were selected via bioinformatic prediction using Ensembl and miRanda 2010. A total of three SNPs were selected, s2297136, rs4143815 and rs4742098, in the 3'-UTR of B7-H1. The rs2297136 and rs4742098 SNPs exhibited significant differences between 320 patients with NSCLC and 199 healthy individuals, respectively (P<0.001 and P=0.007). For the rs2297136 SNP, the AG genotype was significantly associated with evaluation of the risk of NSCLC, compared the AA genotype [odds ratio (OR)=2.287; 95% confidence interval (95% CI)=1. 558-3.358]. Similarly, for the rs4742098 SNP, the AG genotype differed from the AA genotype on eva luation of the risk of NSCLC (OR=1.599; 95% CI=1.027-2.488). Dual-luciferase reporter assays showed that rs2297136 and rs4742098 in the B7-H1 3'-UTR contributed to the occurrence of NSCLC through disrupting the interaction between miR-296-5p, miR-138 and B7-H1 mRNA. These results indicated that genetic polymorphisms affecting the expression of B7-H1 modified cancer susceptibility.
Introduction
Lung cancer is one of the leading causes of cancer-associated mortality. Non-small cell lung cancer (NSCLC) makes up ~80% of lung cancer cases (1) . Multiple factors are involved in the development of lung cancer, particularly environmental and genetic factors. Although novel diagnostic and therapeutic strategies are under development, the prognosis of lung cancer remains poor, with the five-year overall survival rate <16% worldwide, due to early distant metastasis and local invasion (2) .
B7-H1, also known as programmed-death ligand 1 (PD-L1) was first identified in 1999 and belongs to the B7 superfamily of coinhibitory molecules. It is crucial as a negative regulator for immune evasion of tumors, inhibiting T cell activation and proliferation by engaging with the PD-1 receptor (3, 4) . Previous studies have confirmed that higher mRNA expression levels of B7-H1 are found in human non-lymphoid tissues, compared with low or negligible protein expression levels in these tissues, which has been observed in activated lymphocytes, including T cells, B cells and macrophage cells, previously (3, 5) . This observation indicated that post-transcriptional regulation may be involved in regulating the expression of B7-H1. Previous studies have reported that the phosphatase and tensin homolog/phosphatidylinositol-3-kinase pathway (6) and microRNA (miR)-513 (7) are important in the post-transcriptional regulation of the cell surface expression of B7-H1. Of note, Wang et al identified the functional single nucleotide polymorphism (SNP) rs414815 within the miR-570 seed binding sequence in the 3'-untranslated region (3'-UTR) of PD-L1 mRNA, which affected its expression in gastric cancer (8) .
MicroRNAs (miRNAs) are endogenous non-coding RNAs consisting of 19-24 nucleotides, which bind to complementary sites in the 3'-UTR of target messenger RNAs (mRNAs) to regulate diverse biological functions, including cell differentiation, proliferation, apoptosis and DNA repair (9) (10) (11) Therefore, it has been suggested that miRNAs contribute to the pathogenesis of various clinical diseases, including cancer. The association between miRNAs and their target genes is complicated; one miRNA has the ability to bind to various mRNAs simultaneously, whereas the opposite is not observed (12, 13) . Therefore, genetic variations, including those of miRNAs or the 3'-UTR of target mRNAs, can alter their interaction (14) . There is increasing evidence suggesting that SNPs in miRNA target genes, which represent genetic variants of the miRNA-binding region, can modify miRNA binding, affecting the risk and susceptibility of patients to cancer, including gastric cancer (15) , ovarian carcinoma (16), colorectal cancer (17, 18) and skin carcinoma (19) . However, no studies have focused on SNPs in the 3-UTR of the B7-H1 gene or its association with the risk of NSCLC. Based on the aforementioned findings, three SNPs of the miRNA-binding sites in the 3'-UTR of the B7-H1 gene, including rs2297136, rs4143815 and rs4742098, were selected for examination. The present case-control study was performed to evaluate the relevance of these SNPs in terms of the risk of NSCLC and its clinical characteristics.
Materials and methods

Study population.
A total of 519 cases were enrolled, including 320 patients with NSCLC and 199 healthy controls, from The First Affiliated Hospital of Soochow University (Suzhou, China) between March 2010 and November 2014. The diagnosis of lung cancer was histologically confirmed. For the patients with lung cancer, several detailed clinical pathological characteristics, including histological type, depth of tumor infiltration, distant metastasis, lymph node metastasis and tumor-node-metastasis (TNM) stage, are listed in Table I . None of the 199 age-and sex-matched healthy control individuals had any serious respiratory disease or familial history of cancer. At recruitment, written informed consent was obtained from participants. The present study was approved by the Ethics Committee of the First Affiliated Hospital of Soochow University.
Genomic DNA sample extraction. Total genomic DNA from venous blood samples of the patients and controls were extracted at the time of recruitment using a phenol/chloroform method. The isolated DNA was stored at -20˚C in TE buffer containing 10 mmol/l Tris-HCl and 1 mmol/l EDTA (pH 8.0).
Cell lines and cell culture. The A549 lung adenocarcinoma cell line was selected and obtained from the Shanghai Institutes of Biological Sciences Cell Bank (Shanghai, China) for the present study. These cells were cultured in Hyclone RPMI 1640 medium (HyClone; GE Healthcare Life Sciences, Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), L-glutamine and antibiotics (Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C in a humidified incubator with 5% CO 2 . Cells in the logarithmic growth phase were used for experiments.
miRNA SNP selection and genotyping assays. Firstly, a search was performed of all potentially functional SNPs in the 3'-UTR region of the B7-H1 gene from the dbSNP Ensembl BUILD129, Ensembl, TSC1 and HGVbase1 databases using Ensembl (www.ensembl.org). The miRNA target prediction software programs miRanda 2010 (www.microrna.org) and TargetScan v5.1 (targetscan.org) were used to predict the possible miRNA-binding sites in the 3'-UTR of the B7-H1 gene. Among these, SNPs with a minor allele frequency (MAF) <0.05 were excluded. The SNPs located in the putative miRNA binding sites were regarded as candidate miRNA SNPs.
The genotypes of the specific primers were then designed to amplify DNA segments of B7-H1 3'-UTR using allele-specific oligonucleotide polymerase chain reaction (PCR) to determine unknown genotypes. The 20 µl PCR reaction mixture consisted of 10.55 µl H 2 O, 2 µl 10X buffer, 1.2 µl MgCl 2 , 0.8 µl forward primer, 0.8 µl reverse primer, 0.4 µl dNTP, 0.25 µl Taq DNA polymerase and 1 µl genomic DNA model. The PCR cycling procedure comprised of an initial predenaturation step of 5 min at 94˚C, followed by 35 cycles of denaturation at 94˚C for 30 sec, annealing at 55˚C for 30 sec, and extension at 70˚C for 30 sec to form double-strand DNA. Elongation at 70˚C for 7 min and cooling at 4˚C for 10 min were performed to render DNA product stable.
3'-UTR luciferase reporter assays. To generate the luciferase reporter, two sequences containing the potential binding sites for miR-324-5p, miR-296-5p and miR-138, the 3'-UTRs of B7-H1 mRNA (rs2297136 and rs4742098 SNPs) were synthesized (Genewiz, Inc., Suzhou, China), corresponding either to the A haplotype or to the G haplotype. The two sequences were cloned into the psiCHECK2 vector downstream of the firefly luciferase gene, respectively.
For the luciferase reporter assays, the A549 cells were plated at 5x10 4 cells per well in a 24-well plate and were transfected 24 h later with Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. Each co-transfection reaction contained 200 ng of psiCHECK2 constructs, 50 nM of chemically synthesized miR-324-5p mimic, miR-296-5p mimic, miR-138 mimic, or negative control miRNA, the latter serving as a normalizing control, and the psiCHECK2-control vector as a blank control. The transfected A549 cells were maintained in RPMI 1640 medium with 10% FBS. Each transfection was performed in triplicate. Following incubation for 48 h, the cells were collected and analyzed for luciferase activity using the dual-luciferase reporter assay system (Promega Corporation, Madison, WI, USA).
Statistical analysis. All statistical data were obtained using SPSS software (version 11.5; SPSS, Inc., Chicago, IL, USA). The Hardy-Weinberg equilibrium (HWE) was determined using the goodness-of-fit χ 2 test. Differences in genotype and allelic frequencies of the involved SNPs between patients with lung cancer and controls, and associations between SNPs and clinical characteristics were calculated using χ 2 tests. The association between SNPs and lung cancer risk were estimated according to the odds ratio (OR) and 95% confidence interval (95% CI) using multivariate logistic regression. All statistical tests were two-sided. P<0.05 was considered to indicate a statistically significant difference.
Results
Basic characteristics of subjects.
A total of 320 patients with NSCLC were enrolled in the present study. The clinical and pathological variants are listed in Table I , miR-296-5p, miR-324-5p and miR-138 and three single nucleotide polymorphism in the 3'-UTR. The rs2297136 G>A and rs4742098 A>G SNPs are located within the 'seed region' of the miR-296-5p and miR-138, respectively. miR, microRNA; 3'-UTR, 3'-untranslated region.
gene, including rs2297136, rs4143815 and rs4742098, were selected from the dbSNP BUILD129, Ensembl, TSC1 and HGVbase15 databases. With the assistance of miRanda and TargetScan v5.1 prediction software, several miRNAs were identified with the potential ability to bind to the 3'-UTR region of the B7-H1 gene. From these results, it was found that miR-324-5p, miR-296-5p were able to bind to the rs2297136 SNP. miR-570, miR-7-1 * , miR-495 and miR-298 had certain binding sites with the rs4143815 SNP. The rs4742098 SNP was located in the binding sites of miR-138 (Fig. 1) . The detailed SNP IDs, wild-type and mutated gene transformations, MAF and miRNAs are shown in Table II. To confirm the findings, the three SNPs were genotyped using a sequencing method. The typical genotyping results are presented in Fig. 2 .
Association between SNPs in the B7-H1 gene and risk of NSCLC.
All patients with NSCLC and healthy controls were successfully genotyped for the three SNPs. The HWE was determined using the goodness-of-fit χ 2 test, and no deviations were detected from the three SNPs, which had values of 0.133, 0.127 and 1.771. The overall genotype distributions and allele frequencies of these three SNPs in all individuals are presented in Table III .
The results of the two-sided χ 2 test revealed that the genotype frequencies of the rs2297136 and rs4742098 SNPs showed significant differences between cases and controls (P<0.001 and P=0.007, respectively). In terms of rs2297136 and rs4742098 the SNPs, individuals carrying the AG genotype showed a significant association with risk of NSCLC (OR=2.287; 95% CI=1.558-3.358; P<0.001), (Tables IV-VI) . Significant associations were found in rs2297136 genotypes with lymph node metastasis and distant metastasis. Compared with the AA homozygote, individuals with the GG homozygote were less likely to exhibit lymph node metastasis (P=0.049) and more likely to exhibit distant metastases (P=0.035; Table IV ). For rs4742098, there were associations between the variant genotypes and depth of tumor infiltration (Table VI) . However, no statistically significant associations were found between the rs4143815 genotypes and clinical characteristics (Table V) .
Functional relevance of rs2297136 and rs4742098 in the interaction between miRNA and the expression of B7-H1.
To determine whether the inhibitory roles of miR-324-5p, miR-296-5p and miR-138 are affected by rs2297136 and rs4742098, respectively, psiCHECK2 vectors were constructed, including wild-type and mutated genotypes, which were then co-transfected with these miRNAs into A549 cells. It was found that the expression of the G-allele-specific psiCHECK2 construct was significantly suppressed by miR-296-5p in terms of the rs2297136 SNP (Fig. 3) . With the rs4742098 SNP, the expression of A-allele-specific psiCHECK2 construct was ---------------------------------------------------------------------------------------------------------------------------- OR, odds ratio; 95% CI, 95% confidence interval; SCC, squamous cell carcinoma; AC, adenocarcinoma; TNM, tumor necrosis factor.
---------------------------------------------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Characteristic
inhibited by miR-138 (Fig. 4) . These findings indicated that the two miRNAs inhibited the expression of B7-H1 by binding to the two SNPs.
Discussion
To the best of our knowledge, genetic factors are considered to contribute to the development of tumorigenesis in lung cancer. However, the identification of prognostic markers for the risk of lung cancer from the miR-SNP perspective is a novel field in the progress of the cancer research (20) . Based on this, the present study aimed to investigate the potential association between three SNPs of the miRNA-binding site in the 3'-UTR region of the B7-H1 gene (rs2297136, rs4143815 and rs4742098) and the risk of NSCLC through a case-control approach. The results provided evidence that rs2297136 and rs4742098 are functional SNPs, which contain genetic variants associated with the increased risk of NSCLC. In addition, the analysis revealed that these SNPs had significant associations with clinicopathological features, including depth of tumor infiltration, distant metastasis, lymph node metastasis and TNM stage. Therefore, these two SNPs may be possible prognostic markers for NSCLC. B7-H1 exists as an inhibitory regulator of cosignaling molecules involved in the pathway of activation of T lymphoid cells. It can be expressed in diverse tissues, lymphoid cells and nonlymphoid tissues, including smooth muscle cells, epithelial cells and endothelial cells, in response to inflammatory cytokines, including interferon (IFN)-γ, IFN-α and interleukin-1 (3, 21, 22) . It can also be induced in human solid tumors and is commonly associated with poor prognosis, larger tumor size, distant metastasis, deeper tumor infiltration, increased lymph node metastasis and TNM stage, due to its ability to inhibit T-cell proliferation and suppress its function to avoid immune surveillance (23) . Therefore, the tumor-associated B7-H1 gene appears to have an important role in tumor occurrence, promotion, invasion, angiogenesis and metastasis (24, 25) . miRNAs are involved in the regulation of a range of biological function, including cell differentiation, proliferation, apoptosis and DNA repair. Therefore, it has been suggested that it contributes to the pathogenesis of various clinical diseases, including cancer (26, 27) . Previous investigations have been performed to examine the associations of SNPs in miRNAs target genes, which locate in the miRNA-binding region and affect the susceptibility of cancer. It has been reported that a genetic mutation within the 3'-UTR region of the TNFAIP2 gene (rs8126) contributes to the risk of esophageal squamous cell carcinoma (28) . In addition, the miRNA-135a/b binding site polymorphism in the CD133 3'-UTR confers decreased risk and favorable prognosis in lung cancer by reducing the expression of CD133 (29) . A genetic variation in the miRNA target site of the KRT81 gene has also been associated with survival rates in early-stage NSCLC (30) , and the reduced expression of let-7 miRNAs in human lung cancer has been association with shortened postoperative survival rates (31) .
In the present study, genotyping of three SNPs (rs2297136, rs4143815 and rs4742098) of the miRNA-binding sites in the 3'-UTR region of the B7-H1 gene was performed in 320 patients with NSCLC and 199 healthy controls, to ------------------------------------------------------------------------------------------------------------------------- The present study then focused on clinical characteristics, the GG homozygote of rs2297136 was significantly more prevalent in patients with a reduced presence of lymph node metastasis (P=0.049), and higher prevalence of distant metastasis (P=0.035), compared with the AA homozygote. As for the rs4742098 SNP, all mutated alleles, including the AG, GG and G carriers, showed significant association with deeper infiltration (P=0.009, P=0.006 and P=0.003, respectively). SNPs in the 3'UTR region of the B7-H1 gene can affect the interaction of miRNAs and complementary sites, which can result in the reduced expression of B7-H1 (32) . In terms of the miRNAs of interest in the present study, miR-324-5p, miR-296-5p and miR-138 were selected to examine the association with the rs2297136 and rs4742098 SNPs. It was found that the expression of the G-allele-specific psiCHECK2 construct was significantly suppressed by miR-296-5p in terms of the rs2297136 SNP. With the rs4742098 SNP, the expression of the A-allele-specific psiCHECK2 construct was inhibited by miR-138. This may be a vital step in the mechanism regulating the expression of B7-H1.
----------------------------------------------------------------------------------------------------------------------------------------------------
There were a number of limitations in the present constructed case-control study. Firstly, the number of DNA samples from all patients with NSCLC and healthy controls available for the present study were low to a certain degree, therefore, the analyses performed from these data may show minimal deviation from the average. Secondly, all the samples collected were from the same hospital, with the outcome that inherent selection bias may exist, therefore a larger population-based study may be considered to validate these results in the future.
In conclusion, the present study demonstrated that the functional polymorphisms of the miRNA-binding sites in the 3'-UTR region of the B7-H1 gene were significantly associated with higher risks of lung cancer, distant metastasis, lymph node metastasis and deep infiltration (rs2297136 and rs4742098). These results support the hypothesis that genetic variants can interrupt the miRNA-mediated regulation of a target gene, which may become a possible prognostic marker for the prediction of NSCLC risk.
